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A memory system comprising: 
a memory controller; 

.a unidirectional command and address bus coupled to the memory controller, the memory 
controllerscommunicating commands and addresses to the command and address bus; 

a bidirectional data bus coupled to the memory controller, the memory controller 
communicating^data information to the bidirectional data bus for a write operation and receiving 
the data information from the bidirectional data bus during a read operation; and 

a plurality N^of pipelined memory subsystems, wherein each memory subsystem includes: 
a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality of memory devices, thescommand buffer receiving and latching the commands and 
addresses from the command and address bus and driving the commands and addresses to the 
plurality of memory devices, whereirKhe command buffer is shared by the plurality of memory 
devices; and 

a data buffer connected between the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving.and latching the data information from the 
bidirectional data bus and driving the data information to the plurality of memory devices for a 
write operation, the data buffer receiving and latching the data information from the plurality of 
memory devices and driving the data information to th^tadirectional data bus for a read 
operation, wherein the data buffer is shared by the plurality of memory devices. 
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The memory system according to claim 5, wherein the memory controller communicates 
the\ommands and addresses and the data information using a pipelined packet-protocol which 
incorporates a first delay introduced by the command buffer of one of the plurality of pipelined 
memory subsystems and a second delay introduced by the data buffer of one of the plurality of 
pipelined memory subsystems. 



7. The memory system according to claim 5 wherein each memory device is a dynamic 



r ^tei 



random access memory device 



8. The memory system according to claim 5 wherein each of the plurality N of pipelined 
memory subsystems includes eight^emoiy devices and wherein N equals eight. 

29. (Amended) A method of retrieving data in a pipelined memory system, having a plurality 
of memory subsystems, wherfein each memory subsystem includes a command buffer, a data 
buffer and a plurality of memory devices, wherein each memory device includes addressable 
storage, a data in and a data out buffer, a column decoder and a row decoder, comprising: 
issuing commands and addre^es on a unidirectional command and address bus; 
latching the commands and addresses in the command buffers; 
driving the latched commands and^ddresses to the column and row decoders; 
retrieving data from the addressable storage of one of the plurality of memory devices; 
latching the data in the data in and data o^it buffer of the one of the plurality of memory 
devices; 

latching the data in the data buffer of the one^emory subsystem; and 
receiving the data on a bidirectional data bus. 




method of retrieving data according to claim 29 wherein each of the memory devices 
is a dynamic ranctom^ccess memory device. 
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The method of retrieving data in a pipelined memory system according to claim 29 
wheretiMssuing commands and addresses and receiving data communicates according to a packet 
protocol whi^h^ncorporates a first delay introduced by the command buffer and a second delay 
introduced by the data^buffer. 



8 



32. (Amended) A method^of storing data in a pipelined memory system, having a plurality of 
memory subsystems, wherein each memory subsystem includes a command buffer, a data buffer 
and a plurality of memory devices^wherein each memory device includes addressable storage, a 
data in and a data out buffer, a columk decoder and a row decoder, comprising: 

issuing commands and addressesvon a unidirectional command and address bus; 

issuing data on a bidirectional data Vis; 

latching the commands and addresses\n the plurality of command buffers; 
latching the data in the plurality of data Bluffers of the memory subsystem; 
driving the latched commands and addresses to the column and row decoders; 
driving the latched data to the data in buffer^of the memory device; and 
storing the data in the addressable storage of thesplurality of memory devices. 

The method of claim 32, wherein issuing commands and addresses and issuing data 
■^executing a packet protocol which incorporates a first delay introduced by the command 
buffer of onfe^>f the plurality of memory subsystems and a second delay introduced by the data 
buffer of one of tnfe^olurality of memory subsystems. 




34. An electronic system comprising: 
a microprocessor; 

a memory controller coupled to the rhiQroprocessor; 
a unidirectional command and address busbqupled to the memory controller, the memory 
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Controller communicating commands and addresses to the command and address bus; 

a bidirectional data bus coupled to the memory controller, the memory controller 
communicating data information to the bidirectional data bus for a write operation and receiving 
the da\information from the bidirectional data bus during a read operation; and 

a plurality N of pipelined memory subsystems, wherein each memory subsystem includes: 
a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality ofr^emory devices, the command buffer receiving and latching the commands 
and addresses from the command and address bus and driving the commands and 
addresses to the^lurality of memory devices, wherein the command buffer is shared by 
the plurality of memory devices; and 

a data buffer connected between the plurality of memory devices and the 
bidirectional data bus, tl^e data buffer receiving and latching the data information from 
the bidirectional data bus and driving the data information to the plurality of memory 
devices for a write operation^t^ie data buffer receiving and latching the data information 
from the plurality of memory devices and driving the data information to the bidirectional 
data bus for a read operation. 



35. The electronic system of claim 34, wherein the memory controller communicates the 
commands and addresses and data information using a pipelined packet-protocol which 
incorporates a first delay introduced by the command buffer of one of the plurality of pipelined 
memory subsystems and a second delay introduced by t{ie data buffer of one of the plurality of 
pipelined memory subsystems. 

36. The electronic system of claim 34, wherein each memory device is a dynamic random 
access memory device. 
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The electronic system of claim 34, wherein both M and N equal eight. 



38. (Amended) A method of performing a memory transaction in an electronic system 
having a memory controller and a plurality of memory subsystems, wherein each memory 
subsystem includes a command buffer, a data buffer and a plurality of memory devices, wherein 
each memory device includes^ data in and a data out buffer, a column decoder and a row 
decoder, comprising: 

issuing information to thehiemory controller; 

issuing commands and addresses on a unidirectional command and address bus; 

issuing data on a bidirectional data bus; 

latching the commands and addresses received from the unidirectional command and 
address bus in the command buffers of the Wrality of memory subsystems; 

driving the latched commands and addresses to the plurality of memory devices; and 
if the memory transaction is a write, receiving and latching the data in the data buffers of 
the plurality of memory subsystems, driving the latched data to the data in and data out buffer, 
and writing the data to an addressed memory storage of the plurality of memory devices. 




The method of claim 38, wherein issuing commands and addresses and issuing data 
executing a packet protocol which incorporates a first delay introduced by the command 



buffer and assecond delay introduced by the data buffer. 



40. (Amended) A method of storing^data, in an electronic system, having a memory 
controller and a plurality of memory subsystems, wherein each memory subsystem includes a 
command buffer, a data buffer and a plurality ofonemory devices, wherein each memory device 
includes a data in and a data out buffer, a column decoder and a row decoder, comprising: 

issuing information to the memory controller,\herein the memory controller receives the 
information and wherein the memory controller issues cohimands and addresses on a 
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unidirectional comiViand and address bus; 

issuing data cm a bidirectional data bus; 

latching the comtnands and addresses read from the unidirectional command and address 
bus in the command buffers of the plurality of memory subsystems; 

latching the data received from the bidirectional data bus in the data buffers of the 
plurality of memory subsystems^ 

driving the latched commands and addresses to the plurality of memory devices; 

driving the latched data to the^ata in and data out buffer of the plurality of memory 
devices; and 

storing the data from the data in an^ data out buffer in addressable storage of the plurality 
of memory devices. 



. The method of claim 40, wherein issuing commands and addresses and issuing data 
include executing a packet protocol which incorporates a first delay introduced by the command 
buffer and a seco^delay introduced by the data buffer. 



42. (Amended) In an electronic system having a memory controller and a plurality of 
memory subsystems, wherein each memory subsystem includes a command buffer, a data buffer 
and a plurality of memory devices, wherein each memory device includes a data in and a data out 
buffer, a column decoder and arow decoder, a method of retrieving data comprising: 
issuing information to the memory controller; 

issuing commands and addresses on a unidirectional command and address bus; 

latching the commands and addresses read from the unidirectional command and address 
bus in the command buffers of the plurality of memory subsystems; 

driving the latched commands and addresses to the plurality of memory devices of the 
plurality of memory subsystems; \ 

retrieving data from addressable storage of the plurality of memory devices of the 
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plurality of memory subsystems; 

latching the data in the 

latching the data in the 
memory subsystems; and 

receiving the data on a bidirectional data bus. 



data 



daft 



in and data out buffer of a memory storage device; 
buffers of the plurality of memory devices of the plurality of 




The method of claim 42, wherein issuing commands and addresses and receiving data 
include eksquting a packet protocol which incorporates a first delay introduced by the command 
a seccJftd < 



buffer and a : 



delay introduced by the data buffer. 



44. (Amended) A memory system comprising: 

a unidirectional conmiand and address bus coupleable to a memory control device; 
a bidirectional data bu\ coupleable to the memory control device; and 
a plurality N of pipelined^memory subsystems, wherein each memory subsystem includes: 

a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a columirdecoder and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality of memory devices, the comhiand buffer receiving and latching commands and 
addresses from the command and address bus and driving the commands and addresses to 
the plurality of memory devices, wherein tn^ command buffer is shared by the plurality of 
memory devices; and 

a data buffer connected between the plunNity of memory devices and the 
bidirectional data bus, the data buffer receiving andHatching data information from the 
bidirectional data bus and driving the data information^ data in and data out buffer of 
the plurality of memory devices for a write operation, theNlata buffer receiving and 
latching the data information from the data in and data out buffer of the plurality of 
memory devices and driving the data information to the bidirectional data bus for a read 
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operation. 



45\ The memory system of claim 44, wherein the commands and addresses and the data 
information communicate using a pipelined packet-protocol which incorporates a first delay 
introduced by the command buffer register of one of the plurality of pipelined memory 
subsystems and a second delay introduced by the data buffer of one of the plurality of pipelined 
memory subsystems. 

46. The memory system of claim 44, wherein each memory device is a dynamic random 
access memory device. 

47. The memory system of claim 44, wherein both M and N equal eight. 

48. (Amended) A method of storing data in a pipeline memory system, having a plurality of 
\^ memory subsystems, whereimeach memory subsystem includes a command buffer, a data buffer 

and a plurality of memory devices, wherein each memory device includes addressable storage, a 
data in and a data out buffer, a coluhin decoder and a row decoder, comprising: 

receiving commands and addresses from a unidirectional command and address bus; 
receiving data from a bidirectionahdata bus; 

latching the commands and addressesHn the plurality of command buffers; 
latching the data in the plurality of data bhffers; 

driving the latched commands and addresses to the column and row decoders; 
driving the latched data to the data in buffers; anc 

storing the data latched in the data in buffer in the addressable storage of the plurality of 
memory devices. 
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^49. The method of claim 48, wherein receiving commands and addresses and receiving data 
include'executing a packet protocol which incorporates a first delay introduced by the command 
buffer and ^se^nd.delay introduced by the data buffer. 

50. (Amended) V method of retrieving data in a pipeline memory system, having a plurality 
of memory subsystem^ wherein each memory subsystem includes a command buffer, a data 
buffer and a plurality ofWmory devices, wherein each memory device includes addressable 
storage, a data in and a data-out buffer, a column decoder and a row decoder, comprising: 

receiving commands ami addresses from a unidirectional command and address bus; 

latching the commands andsaddresses in the plurality of command buffers; 

driving the latched commands\and addresses to the column and row decoders; 

retrieving data from the addressable storage of the plurality of memory devices; 

latching the data in the data in and data out buffer of the memory device; 

latching the data from the data in and chrta out buffer in the plurality of data buffers; and 

driving the data from the data in and data out buffer onto a data bus. 



">lv^ The method of claim 50, wherein receiving commands and addresses and driving the data 
include exefcuti{ig a packet protocol which incorporates a first delay introduced by the command 
buffer and a secondHBlay^ntroduced by the data buffer. 



52. (Amended) A memory system, comprising: 

a unidirectional command and\ddress bus in electrical communication with a memory 
control device; 

a bidirectional data bus in electrical c^njmunication with the memory control device; and 
a plurality N of pipelined memory subsystems, wherein each memory subsystem includes: 

a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder and a row decoder; 



PENDING CLAIMS Page 10 

Docket No. 303.306US2 Serial No.: 09/434,082 

Micron Ref. No. 96-0214.01 



a command buffer connected between the command and address bus and the 
plurality of memory devices\the command buffer receiving and latching commands and 
addresses from the command and address bus and driving the commands and addresses to 
the plurality of memory devices, ^herein the command buffer is shared by the plurality of 
memory devices; and 

a data buffer connected betweek the data in and data out buffer of each of the 
plurality of memory devices and the bidirectional data bus, the data buffer receiving and 
latching data information from the bidirectional data bus and driving the data information 
to the data in and data out buffer of the plurality of memory devices for a write operation, 
the data buffer receiving and latching the data information from the data in and data out 
buffer of the plurality of memory devices and driving the data information to the 
bidirectional data bus for a read operation. 

The memory system of claim 52, wherein the commands and addresses and the data 
information communicate using a pipelined packet-protocol which incorporates a first delay 
introducedsby the command buffer of one of the plurality of pipelined memory subsystems and a 
second delay introduced by the data buffer of one of the plurality of pipelined memory 
subsystems. 

54. The memory systemsqf claim 52, wherein each memory device is a dynamic memory 
device. 

55. The memory system of claim 52^herein both N and M equal eight. 

56. A method of retrieving data in a pipelineoNmemory system, comprising: 
issuing commands and addresses on a unidirebtional command and address bus to a 

plurality of memory subsystems; 
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latching the commands and addresses in a command buffer in each of the plurality of 
memory subsystems; 

drivmg the latched commands and addresses to column and row decoders in each of the 
plurality of subsystems; 

retrievingsdata from addressable storage of one of the plurality of memory subsystems; 
latching the^data in a data buffer of the one of the plurality of memory subsystems; and 
receiving the data on a bidirectional data bus. 

57. A memory system comprising: 
a memory controller;\ 

a unidirectional commafod and address bus coupled to the memory controller, the memory 
controller communicating commands and addresses to the command and address bus; 

a bidirectional data bus coupled to the memory controller, the memory controller 
communicating data information to theJndirectional data bus for a write operation and receiving 
the data information from the bidirectional data bus during a read operation; and 

a plurality N of pipelined memory siAsystems, wherein each memory subsystem includes: 
a plurality M of memory devices wherein each memory device consists of a data 
in and a data out buffer, a decoder and an array of memory cells; 

a command buffer connected betwefen the command and address bus and the 
plurality of memory devices, the command buffer receiving and latching the commands and 
addresses from the command and address bus and drivn^g the commands and addresses to the 
plurality of memory devices, wherein the command buffers shared by the plurality of memory 
devices; and \ 

a data buffer connected between the plurality omnemory devices and the 
bidirectional data bus, the data buffer receiving and latching the (lata information from the 
bidirectional data bus and driving the data information to the plurality of memory devices for a 
write operation, the data buffer receiving and latching the data information from the plurality of 
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\ memory devices and driving the data information to the bidirectional data bus for a read 
operation. 



58. \The memory system of claim 57, wherein the data buffer is shared by the plurality of 
memory (devices. 

59. The m^nory system of claim 5, wherein N equals eight. 

60. The memoiVsystem of claim 5, wherein M equals eight. 

61 . The memory systbpi of claim 5, wherein each of the memory devices includes an 
addressable storage. 



62. The system according to claim 5, wherein the bidirectional data bus is a single 16 bit bus, 
supports 64 data buffers, and operates at 800 MHz. 



63. (Amended) A method of operating the memory system of claim 5, comprising: 

issuing commands and addresses on the unidirectional command and address bus; 

latching the commands and addresses in \he command buffers; 

driving the latched commands and addresses to the column and row decoders; 

retrieving data from addressable storage of orte of the plurality of memory devices; 

<W* \ 
latching the data in the data in and 4ttt out buffers 

latching the data from the data in and data out buffer in the data buffers; and 
receiving the data on the bidirectional data bus. 

The electronic system of claim 34, wherein the data buffer X shared by the plurality of 




memory devices. 
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The memory system of claim 44, wherein the data buffer is shared by the plurality of 
membry devices. 

66. The mknory system of claim 52, wherein the data buffer is shared by the plurality of 
memory devices. 

67. (Amended) ^\nemory system comprising: 
a memory controller; 

a unidirectional command and address bus coupled to the memory controller, the memory 
controller communicating commands and addresses to the command and address bus; 

a bidirectional data buk coupled to the memory controller, the memory controller 
communicating data information to the bidirectional data bus for a write operation and receiving 
the data information from the bidirectional data bus during a read operation; and 

a plurality N of pipelined memory subsystems, wherein each memory subsystem includes: 

a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder\and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality of memory devices, the command\buffer receiving and latching the commands and 
addresses from the command and address bukand driving the commands and addresses to the 
plurality of memory devices; and \ 

a data buffer connected between the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching the data information from the 
bidirectional data bus and driving the data informatiomto the plurality of memory devices for a 
write operation, the data buffer receiving and latching the data information from the plurality of 
memory devices and driving the data information to the bidirectional data bus for a read 
operation, wherein the data buffer is shared by the plurality of memory devices. 
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68w The memory system according to claim 67, wherein the memory controller communicates 
the commands and addresses and the data information using a pipelined packet-protocol which 
incorporates a first delay introduced by the command buffer of one of the plurality of pipelined 
memory subsystems and a second delay introduced by the data buffer of one of the plurality of 
pipelined memory subsystems. 

69. The memorV system according to claim 67, wherein each memory device is a dynamic 
random access memory device. 

70. The memory systemWcording to claim 67, wherein each of the plurality N of pipelined 
memory subsystems includes eight memory devices and wherein N equals eight. 

71. The system according to clami 67, wherein the bidirectional data bus is a single 16 bit 
bus, supports 64 data buffers, and operates at 800 MHz. 



